) and with previous equatorial measurements (Sanchez-Lavega et al. 2007).

Introduction

The vertical structure of the zonal wind systems in Jupiter and Saturn and their relationship with the latitudinally alternating band pattern of the upper clouds and haze layers (belts and zones) is still a major open issue. In both planets the zonal winds above the clouds decrease with altitude over the range accessible to remote sensing (from ~1 mbar to ~1 bar). This was initially derived from measurements of the meridional temperature structure at different levels and the application of the thermal wind equation for geostrophic conditions (e.g. for Saturn, [START_REF] Conrath | Thermal structure of Saturn from Voyager infrared measurements-Implications for atmospheric dynamics[END_REF]. This technique has some limitations: first, it is not applicable close to the equator where geostrophy drops (it must be applied to latitudes above about ± 10º) and second, although wind shear is directly detectable from the temperature field, retrieving absolute
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wind values requires a reference wind usually measured from cloud tracking motions at a unique reference altitude which is not precisely determined (for Saturn it can be somewhere in the pressure range ∼ 0.2 to 1 bar), that in addition changes with latitude and time.

Measurement of atmospheric motions at different levels by cloud tracking in Jupiter and Saturn is not an easy issue since individual features within the optically thick cloud deck are mostly concentrated in a scale height (20-40 km), and in general, the shears between these thickness limits are not strong enough to precisely separate velocity differences. Nevertheless, Saturn is a better case; the clouds and hazes may extend vertically from two to three scale heights (∼ 100 km, Sanchez-Lavega et al., 2004a;[START_REF] Pérez-Hoyos | Saturn's cloud structure and temporal evolution from ten years of Hubble Space Telescope observations (1994 -2003[END_REF]. This gives the chance to have in Saturn compact clouds at vertically separated locations, therefore moving as tracers of the wind speeds at their respective vertical position. Most features tracked in Saturn's atmosphere are supposed to be placed in the cloud deck [START_REF] Ingersoll | Structure and dynamics of Saturn's atmosphere[END_REF] putatively formed by ammonia ice or in the extended haze of the upper troposphere (Sánchez-Lavega et al., 2004b;[START_REF] Pérez-Hoyos | On the vertical wind shear of Saturn's equatorial jet at cloud level[END_REF][START_REF] Sánchez-Lavega | The three-dimensional structure of Saturn's equatorial at cloud level[END_REF]. Tracers are mainly detected in the continuum green-red wavelength range (500-950 nm). Cloud tracking of deeper features (located in the pressure altitude range ∼ 2-4 bars) can only be performed in the 5-μm spectral window [START_REF] Yanamandra-Fisher | Saturn's 5.2-µm Cold Spots: Unexpected cloud variability[END_REF][START_REF] Baines | Saturn's Polar Hexagon at depth: New images of stationary planetary waves in the North Polar Region by Cassini/VIMS[END_REF] but full hemispheric coverage is not available yet to establish a wind shear structure. Above the ammonia cloud, higher hazes are detected in the UV range (250-350 nm) above the 100 mbar level and in the methane absorption bands (725 and 890 nm, and 2.3 μm) which sound levels close to the tropopause (60-150 mbar) and much higher (about 20-30 mbar) in the latter case. Individual features have been observed and tracked in the equatorial upper haze at 50 mbar in Hubble Space Telescope (Sánchez- [START_REF] Sánchez-Lavega | A strong decrease in Saturn's equatorial jet at cloud level[END_REF]2004b) and Cassini images [START_REF] Porco | Cassini imaging science: Initial results on Saturn's atmosphere[END_REF][START_REF] Sánchez-Lavega | The three-dimensional structure of Saturn's equatorial at cloud level[END_REF], finding a vertical shear for the zonal wind in the equatorial band (latitude range 5ºN -10ºS) of ∼ 40 ms -1 per scale height (H ~ 40 km). Voyager observation levels in the visible are more difficult to constrain because of the lack of images obtained with the appropriate filters sensitive to cloud and haze altitudes [START_REF] Pérez-Hoyos | On the vertical wind shear of Saturn's equatorial jet at cloud level[END_REF].
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Observations and wind measurements

We used Cassini images obtained in two filters sensing two altitude ranges: the methane absorption band filter MT2 (727 nm) sensitive to the upper tropospheric haze, and the continuum wavelength CB2 (752 nm) sensitive to lower levels, probably the lower tropospheric haze and upper cloud level (see section 3). Observations correspond to Cassini Orbiter ISS volumes 2006and 2012(from 2004-09-06 to 2004-09-19 and from 2005-06-15 to 2005-06-16 respectively) and show either full disk viewing with complete southern hemisphere coverage (COISS 2012) or a partial view at higher resolution of the southern hemisphere (COISS 2006). In both cases the selected images contain either a complete limb or a broad limb arc used for image navigation. For analysis of the images (limb location, disk orientation and longitude and latitude retrieval) we used the software PLIA (Hueso et al., submitted) assuming an oblate spheroid with respective equatorial and polar radii of 60268.0 km and 54364.0 km at the 1 bar pressure level [START_REF] Lindal | The atmosphere of Saturn: An analysis of the Voyager radio occultation measurements[END_REF]. The images were then projected in cylindrical and polar maps with resolutions similar to that of the original images, typically ~0.1deg•pix -1 and ~0.05degpix -1 in some cases.

To measure winds, we used a correlation technique in which East-West reflectivity scans obtained in 0.1º latitude steps are compared with similar scans at the
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same latitude taken approximately one planetary rotation later (∼10 hr). The position of the cross-correlation maximum between scan pairs constitutes an average measurement of the zonal motion of all cloud features in the scans, which can then be transformed into wind speeds relative to the Voyager rotation frame System III, and plotted in a meridional zonal wind profile for both filters (Figure 1). The method is fully described in García-Melendo and Sánchez-Lavega (2001). To get a good statistical result we used between 15 and 25 pairs of images averaging the results to get the mean wind velocity at each latitude and its r.m.s. This places our error bar for wind determination in ±5.0 ms -1 . Latitude errors in the profile arising from navigation of the images are lower than ±0.1º.

Our wind measurements in both filters cover the latitude range from 0º to 80ºS.

It is evident from Figure 1 that the CB2 and MT2 wind profiles differ essentially in the peaks of the Eastward jets. To make this clearer we have plotted the wind difference between the two profiles as shown in Figure 1b. First, we retrieve and confirm the 100 ms -1 wind velocity difference in the equatorial jet (higher speeds in CB2) found in previous studies that used individual cloud tracking as a method for wind determination [START_REF] Porco | Cassini imaging science: Initial results on Saturn's atmosphere[END_REF][START_REF] Pérez-Hoyos | On the vertical wind shear of Saturn's equatorial jet at cloud level[END_REF][START_REF] Sánchez-Lavega | The three-dimensional structure of Saturn's equatorial at cloud level[END_REF]. Second, we see that at all the peaks of the eastward jets at the planetocentric latitudes 27ºS, 42ºS, 55ºS and 70ºS (excluding the equatorial jet), show significant deviations from the zero value that correspond on the average to speed differences of about 20 ms -1 higher in CB2 profiles than in MT2 profiles. There are other latitudes where deviations are of the order of 10 ms -1 , i.e. above the quoted errors in wind speed and latitudes, but we do not In order to study the altitude levels sampled in each filter at different latitudes we selected images corresponding to June 15, 2005 with a global view of the Southern hemisphere. The images were photometrically calibrated using the software CISSCAL V.3.3 (see [START_REF] Porco | Cassini imaging science: instrument characteristics and anticipated scientific investigations at Saturn[END_REF]) and cylindrically projected with PLIA to extract absolute reflectivity scans (I/F) in the zonal and meridional directions in both filters. In the MT2 meridional scan the belt/zone pattern is evident, with a prominently bright Equatorial Zone. This pattern is practically indistinguishable in CB2 where the reflectivity profile is nearly flat. This difference is an evidence for separating the aerosol population into two distinct families: a haze at the upper levels and a cloud at the bottom. Except for the equatorial jet, the peak of the other jets divides the band where it resides in two regions, one bright equatorward of the jet peak and other dark poleward of the peak (Figure 1c).

We used a radiative transfer model and previous long-term results for Saturn's cloud and haze vertical structure [START_REF] Acarreta | Vertical cloud structure in Saturn's 1990 equatorial storm[END_REF][START_REF] Pérez-Hoyos | Saturn's cloud structure and temporal evolution from ten years of Hubble Space Telescope observations (1994 -2003[END_REF][START_REF] Karkoschka | Saturn's vertical and latitudinal cloud structure 1991 -2004 from HST imaging in 30 filters[END_REF] to retrieve the altitude and optical depth differences at both sides of the jet peak. The model considers a deep semi-infinite ammonia cloud with base at 1.4 bar made up by isotropic particles and above it, an extended tropospheric haze described by a double Henyey-Greenstein phase function
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Our model atmosphere has only two adjustable parameters: the top pressure level of the tropospheric haze (from 60 mbar to 200 mbar in 20 mbar steps) and its total optical thickness (from 0 to 20 in 0.5 steps). We scanned the free parameter space and computed the r.m.s. deviation between model and observations with a 1% tolerance in the error. The combination of the continuum (sensitive to the optical thickness) and the methane absorption (sensitive to the top pressure value) allows a good constraint of this simple model atmosphere. This was done for the four jets and their neighbouring regions. An example of the procedure is shown in Figure 2.

[Figure 2]

With the obtained values we computed the total optical depth (including Rayleigh scattering, methane absorption and particle absorption and scattering) as a function of pressure for the atmosphere (on average: P top ~ 100 mbar, τ ~ 5) and found that the pressure levels with optical depth equal to unity is about 250 mbar for the MT2 observations and about 350 mbar for CB2 observations (height difference ~ 0.3 H) with little or none latitudinal dependence. This represents a good estimation for features with similar morphology in MT2 and CB2 images. However, features observed in MT2 that are not visible in CB2 (Figure 1) are probably caused by height variations in the upper levels of the tropospheric haze, as previously reported for equatorial features (Sánchez-Lavega et al., 2004). Features that are only observed in CB2 images should be deeper than the level where the atmosphere becomes optically thick (τ = 1, at about 350 mbar), closer to the ammonia cloud. We provide in Table 1 realistic estimations of the levels sensed with each filter at the jet latitudes resulting in an average separation of 1.3 H between both levels when visible features in MT2 are placed on the top of the tropospheric haze. An in-depth analysis using all Cassini instrumentation able to
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determine the vertical cloud structure could provide in a near future a better constraint on the sensing levels and therefore merits further research.

[Table 1] 4. Vertical shear and comparison with the thermal-wind results

These results extend to the southern jets up to the explored 80ºS latitude the effect found at the equatorial jet but at a reduced scale. Given the different pressure levels sensed by the MT2 and CB2 filters, it seems to be direct evidence for the vertical shear of the zonal winds, directly related to the thermal wind effect. [START_REF] Conrath | Thermal structure of Saturn from Voyager infrared measurements-Implications for atmospheric dynamics[END_REF] used the thermal-wind relationship to show that in Saturn's mid-latitude jets the zonal wind might decrease with altitude above the 150-500 mbar level at a rate ∂u/∂z = 10 ms -1 /H. This has been recently estimated again by [START_REF] Flasar | Temperatures, winds, and composition in the saturnian system[END_REF] and [START_REF] Fletcher | Temperature and composition of Saturn's polar hot spots and hexagon[END_REF] using Cassini CIRS data who computed vertical wind shears ~ 5 ms -1 /H. Our analysis shows a possible wind decay and indicates that the mid-latitude eastward jets (in the southern hemisphere) show this effect with ∂u/∂z = 10-20 ms -1 /H. This shear is lower than what we found in the equatorial jet where ∂u/∂z ~ 40ms -1 /H (or 100 ms -1 wind speed difference between 700 and 50 mbar), but higher than the Cassini CIRS results. Wind measurements, performed with a 0.1º precision show that possible wind shear is confined within ~3º bands centered around the mid-latitude jet peaks. Due to the resolution difference between our direct wind measurements and the Cassini temperature data used in thermal wind computations these results do not need to be necessarily incompatible. By smoothing our correlation-derived wind profiles using a 2º window similar to the resolution of CIRS data, velocity differences at the jet peaks out of the equatorial region smooth down to ~ 5 to 7 ms -1 . Although thermal wind decay seems to be the main reason explaining the differences between both wind profiles,
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there can be other mechanisms at play such as wave motions which might superimpose to the background zonal winds, and favor cloud formation at different pressure levels at the jet peaks (Sánchez-Lavega et al., 2006). However, these waves have not yet been identified.

From a photometric point of view, our analysis indicates that the eastward jet peaks divide the latitude band in two contrasted albedo bands in MT2 (methane absorption band at 725 nm): bright equatorwards side (slightly higher or abundant aerosol, ascending motions on the anticyclonic side) and dark polewards side (lower altitude or few aerosol, descending motions on the cyclonic side). These results are fully consistent with the simple model proposed by [START_REF] Conrath | Thermal structure of Saturn from Voyager infrared measurements-Implications for atmospheric dynamics[END_REF] of jets decaying with altitude and related vertical and meridional circulations. It is also consistent with the analysis of the temperature field in [START_REF] Fletcher | Characterising Saturn's vertical temperature structure from Cassini[END_REF] and it also throws a correlation between albedo and zonal winds similar to that found in Jupiter which probably merits further research. 

  see a systematic relation with the westward jets or with the jet edges and they are probably spurious. We also visually identified and tracked individual tracers in image pairs examining the jet peaks and the intermediate regions. Individual measurements A C C E P T E D M A N U S C R I P T fall on the measured correlation profiles. The bottom panel in Figure 1 illustrates different details observed in the MT2 and CB2 filters that move at different speeds at the jet peaks. Outside the jet peaks details observed in both MT2 and CB2 filters or observed only in MT2 or in CB2 move at the same speed. [Figure 1] 3. Reflectivity scans and altitude level in the eastward jets
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